Distribution

In order to check the sensitivity of the normal assumption versus log-
normal assumption in the distribution of pollutants, the loadings

of phosphate and suspended solids in Source 3 are now assumed normally
distributed. (The self monitoring data are given in Table 8.3c. They

are identical to the previous example.) The expected damage and probability
of no violation for phosphates are now 3.53 and 98.5% respectively, and

the expected damage and probability of no violation for suspended

solids are 0.41 and 76.0% respectively. These numbers can be compared

with the analagous values in Table 8.5. The major difference is in the
suspended solids where both the expected damage and probability of

violation changed by about 10%. The expected damage for the source is

now 3.54 (compared to 3.64), and the probability of no violation for the
source is 74.9% (compared to 85.6%). Table 8.10 gives the priority list
for this case. The priority ordering is slightly changed. It is therefore
seen that changing the distributional form will affect the sampling
frequencies by a small, but not negligible, amount.

Correlation

The effect of assuming that the constituents of a source were correlated
versus uncorrelated is investigated by first assuming that the constituents
of Source 2 are completely correlated. The constituents of the other
sources are assumed uncorrelated, as in the original example. The pro-
bability of no violation for source 2 is 82.6% as opposed to 74% for the
original example. The priority list for this case is given in Table

8.11. Comparing this table with Table 8.7 shows little change - the
priorities for source 2 have increased slightly.

Now assume that the constituents for all the sources are completely

correlated. The probabilities of no violation for sources 1,2,3 and 4
are 80.0%, 82.6%, 87.8% and 28.9% respectively.
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There is little change between the priority list for this case (Table 8.12)
and the original priority list (Table 8.7).

No strong conclusions can be drawn from these examples. Cases can

clearly be devised where the priority list will be very sensitive to the
correlation assumption. However, from these examples it is seen that

in many cases the priorities will be insensitive to this assumption.

Minimizing Number of Undetected Violators

The objective of the Resource Allocation Problem can be changed to

minimize the number of undetected violators (no "cost" due to environmental
damage) by setting all the expected damages in the priority procedure to
one. The statistics and the probability of not violating will be the

same as for the original problem. The new priority list is given in
Table 8.13. As would be expected, the priority list is very different

from that for the case which considered damages.

Discounting Past Data

Past data are discounted by ensuring that the confidence parameters n
and v in the Bayesian update formula do not get too large. This is
accomplished by specifying that n_< kn v'and v < k, v' where n' and v'
are the confidence parameters for the month being used to update the
statistics. In the original example kn = kv = 3.0 Let us now assume
that kn = kv = 1.5. The initial statistical description will therefore
depend more strongly on the data in the months closer to the start of the
monitoring period.

Table 8.14 compares the initial statistical description, at the start of
monitoring, for the cases when kn = kv = 3.0 and knl%" kv = 15. By
comparing this table with the initial data (Tables 8.3a through 8.3e) it
is evident that the data for month 4 are more strongly felt for the

case where k =k = 15 than for the case where k¥ , = k = 3.0.
n v n v
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Table 8.14 EFFECT OF DISCOUNTING PAST DATA

k =k =3 k =k =1.5
n v n Y
Updated | Updated | Updated | Updated
Source | Pipe Parameter mean st. dev| mean st__dev
1 1 | pH - Max 8.12 0.92 8.12 0.87
pH - Min 8.12 1.14 8.12 1.08
Lead 0.78 1.45 0.74 1.42
2 1 | Chromium 0.218 0.246 0.200 0.221
Copper -0.711 0.502 |[-0.798 0.522
Fluoride 24.6 3.61 24.5 3.68
3 1 | BODg 1133 643 1138 651
Phosphate 2.08 0.313 2.03 0.325
Suspended Solids 3.29 0.274 3.30 0.259
4 1 | Phosphate 0.490 | 0.925 0.490 0.925
Suspended Solids | 13.5 3.38 13.5 3.38
2 | Phosphate 3.78 2.72 3.78 2.72
Suspended Solids | 75.0 108 75.0 108




Compliance Data

The effect of compliance data (effluent data obtained by the monitoring
agency) on the initial statistical descriptions of the source effluents
is investigated in this subsection. Suppose that Source 2 is monitored
twice in month 3. The compliance data for the two visits are given in
Table 8.15. Comparison of these data with the self-monitoring data for
Source 2, month 3 (Table 8.3b) shows that the compliance data for chromium
and copper are near the monthly maximum self-monitoring value. For
fluoride, one compliance value is near the maximum, the other is below
the mean.

Table 8.15 COMPLIANCE DATA - SOURCE 2, MONTH 3

Data Point | Data Point
Parameter | No. 1, kg. [ No. 2, kg

Chromium 0.53 0.70
Copper 1.80 2.00
Fluoride 28.0 16.0

In the procedure that combines the self-monitoring and compliance monitor-
ing data, there is a design parameter, y, that specifies the relative
confidence one has in the self-monitoring as compared to the compliance
monitoring data. For example, a value of y = 2 implies that one has

twice as much confidence in the compliance monitoring data as in the self-
monitoring data. In the examples that follow, y will take on values 2 and 4.

Tables 8.16a and 8.16b show the effect of the compliance data on the initial
statistical description; these tables are analogous to Table 8.4b. The

row opposite month 3 is the estimated mean and standard deviation for month
3 without the compliance data. The row opposite 3* includes the compliance
data. The tables show that the estimated mean and standard deviation for
the month is substantially increased for chromium and copper. For fluoride,
the mean is slightly decreased while the standard deviation. is increased.
The effect of the compliance data on the estimates is clearly much greater
for ¥ = 4 than for Yy = 2. By comparing the values of the updated mean and
standard deviation at the end of month 4 in Tables 8.4b, 8.16a, and 8.16b,
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Table 8.17 EXPECTED DAMAGE AND PROBABILITY OF NO VIOLATION FOR SOURCE 2

Expected Probability of Expected damage Probability of no violation

Y Parameter daenage no violatior)ml, % or source ! forysource, %
NCD* Chromium 0.08 82.6

Copper 0.12 96.1

Fluoride 0.00 93.1 0.12 74.0
2 Chromium 0.08 79.5

Copper 0.14 93.8

Fluoride 0.00 92.2 0.14 68.0
4 Chromium 0.08 77.1

Copper 0.17 92.0

Fluoride 0.00 91.7 0.17 65.0

* No compliance data



one can see the effect of the compliance monitoring data on the initial
statistical description. Again, the effect is substantial. Table 8.17

compares the value of the expected damage and probability of no violation

for source 2 for the three cases: ho compliance data and compliance data
for y= 2 and vy = 4. The compliance data, for this case, have increased
the expected damage and decreased the probability of no violation.

Upstream Concentration

The previous examples in this section have assumed that the concentra-
tion of each constituent, upstream from each source, has caused zero
environmental damage. In this subsection, we will investigate the
effect of changing the assumed upstream concentrations.

Five cases will be considered. Case I, for comparison purposes, cor-
responds to the zero upstream damage case described in Section VIII.2.
For Cases Il and Ill the upstream concentration is set to cause damage
levels of 2 and 4 in the receiving waters (recall that "2" corresponds
to "excellent" water quality and "4" corresponds to "acceptable" water
quality). In Cases IV and V the upstream concentration is also set to
cause damages of 2 and 4; however, in this case, the expected damage

for each constituent that is calculated is the incremental damage, that
is, the expected damage due to the source's constituent minus the dam-
age in the receiving waters that exists if that constituent were not
present in the effluent. For reference, the five cases are described
in Table 8.18. Table 8.19 compares the expected damage for the five
cases. The table shows how the damage increases as the assumed upstream
concentration increases (Cases I, Il and Ill). The incremental damage,
however, actually decreases for most cases (Cases I, IV and V). This

is because the damage functions are, for the most part, concave in shape.
The one exception, in this example, is the fluoride in Source 2. The
presence of fluoride in a stream does not cause any damage (it is actu-
ally beneficial) below a certain threshold. Above that threshold dam-
age increases rapidly. Thus, for fluoride, the incremental damage is
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zero under zero upstream concentration; it increases greatly for an up-
stream concentration causing a damage of 2; and it decreases for an
upstream concentration causing a damage of 4 (the damage curve is con-
cave for large values of concentration).

The priority lists for the five cases are compared in Table 8.20.
Comparing Cases Il and Ill with Case I, it is seen that Sources 2 and 4

appear much higher on the list. Source 2 appears higher because of

the above large increase in expected damage due to fluoride. Source 4
appears earlier because it now has an expected damage comparable with
the other sources; its expected damage in Case | was much smaller than
the expected damage for Sources 1 and 3. Comparing Cases IV and V

with the other cases, it is seen that Source 1 has lower sampling prior-
ity. Source 4 also appears lower on the lists. These phenomena both
reflect the lower expected incremental damage of Sources 1 and 4 as
compared to Sources 2 and 3.

Table 8.20 shows the large sensitivity of the priorities to changes in
assumed upstream concentration. It is preferable to use the incre-
mental expected damage over the "regular' expected damage since one is
basically interested in the damage caused by a source and not just by
the expected damage in the river (which will also depend on the up-
stream concentration). The value of assumed upstream concentration

used should reflect the average condition of the stream in a region
containing the source.
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Table 8.18 CASES CONSIDERED FOR SENSITIVITY STUDY
OF UPSTREAM CONCENTRATION

Assumed Incremental
Case upstream level q
of damage amage

| 0 -

Il 2 No

i 4 No

v 2 Yes

\Y 4 Yes

Table 8.19 COMPARISON OF EXPECTED DAMAGE FOR VARIOUS
ASSUMED UPSTREAM CONCENTRATIONS

Expected Damage

Source Constituent
Case | Case Il Case |11 Case IV Case V
1 pH 0.29 2.13 4.02 0.14 0.05
Lead 1.60 2.45 6.40 0.47 0.42
2 Chromium 0.08 2.05 4.00 0.05 0.01
Copper 0.12 2.03 4.00 0.03 0.01
Fluoride 0.00 3.49 4.49 1.53 0.54
3 BOD 3.22 4.29 5.20 2.63 1.83
Phosphates 3.64 4.59 5.19 2.93 1.88
Suspended 0.37 2.03 3.67 0.37 0.36
Solids
4 Phosphates 0.29 2.28 4.09 0.29 0.10
Suspended 0.03 2.02 4.00 0.03 0.02
Solids
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Table 8.20 PRIORITY LISTS, VARIOUS ASSUMED UPSTREAM

CONCENTRATIONS

Source Sampled

Case V

Case IV

Case 111

Case 11

Case |

Priority

10
11
12
13

14
15
16
17
18
19
20
21

22
23

24
25
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SECTION IX

DEMONSTRATION PROJECT

The priority procedure will be demonstrated, in this section, using
data supplied by the State of Michigan, Department of Natural Resources.
The data, taken over a two year period, is from 30 industries and muni-
cipal treatment plants. Table 9.1 gives a brief description of the
various sources. As can be seen, a variety of pollutants and types of
plants have been included.

The purpose of the demonstration project is two-fold. First, it will
demonstrate the procedure on the types of data bases that will be avail-
able to the monitoring agencies. Second, it will compare the perform-
ance of the procedure with another, simpler, priority setting procedure.

IX.1 DESCRIPTION OF DATA AND ASSUMPTIONS

The quality of the data varied greatly from source to source. For
several sources, there were twenty four months of data; for others,
there was as little as six. Some sources sampled their effluent daily,
others weekly, and others monthly. Standards were not set for approxi-
matley 20% of the constituents reported. In order to test the priority
procedure with as many constituents as possible, reasonable hypotheti-
cal standards were established for these constituents. Also, most of
the standards were on the concentration of the constituent in the efflu-
ent. Since, in the future, standards will typically be on the mass
loading, it was decided to transform the given standards into mass

loading standards by multiplying them by the daily effluent flow of the
source, given on the permits.

The value of the upstream flow of the receiving waters was taken to be

the seven-day, ten-year low flow. This value will give a much smaller
flow than would be encountered in a typical month (it was used because
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Table 9.1 DESCRIPTION OF EFFLUENT SOURCES

Type of baste, %*

Source Pipe | Avg. daily Type of .
Constituents
number | number | flow, MGD plant Proc | Cool san
1 1 0.07 Chem 100 === | -~ | pH, chromium, nickel, chloroform extract
2 0.0035 2 98 | BOD, suspended solids, chloride
2 1 0.106 Porcelain 90 10 | -~~~ | Phosphorus, pH, suspended solids, chloro-
man. form extract
2 0.124 25 75 | -~ | Phosphorus, pH, suspended solids, chloro-
form extract
3 1 0.085 Porcelain 40 40 20 | pH, suspended solids, phosphorus
man.
4 1 0.2 Auto parts 1 99 | --- | pH, suspended solids, chloroform extract
2 0.08 100 | --- | pH, suspended solids, chloroform extract
5 1 720. Power 1 98 1 | pH, chloride
6 1 4.436 Chem 1 99 | --- | pH, oil-grease, phenol, COD
2 8.07 1 99 | —-- | pH, oil-grease, phenol, COD
7 1 0.75 Chem 46 54 | --- | pH, suspended solids, phosphorus,
fluoride, copper, lead
8 1 0.14 Chem 70 30 | —-- | pH, suspended solids, phosphorus, cyanide,

fluoride, chromium, copper, lead, chloro-
form extract

* "Proc", "Cool" and "San" denote processing, cooling and sanitary waste, respectively.
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Table 9.1 DESCRIPTION OF EFFLUENT SOURCES (Cont'd)

Type of waste, %*

Source Pipe | Avg. daily | Type of .
Constituents
number | number | flow, MGD plant Proc | cool | san
9 1 5. Auto 40 60 | --- | BOD, pH, suspended solids, chromium,
nickel, chloroform extract
10 1. 0.35 Auto 100 """ | "7 | pH, suspended solids, phosphorus, chloro-
form extract, oil-grease
11 1 0.69 Auto body 100 --- | --- | pH, cyanide, chromium, copper, nickel
12 1 1.1 Auto 24 76 | --- | BOD, pH, suspended solids, chloroform
extract
13 1 0.129 Auto parts 14 86 | --- | BOD, pH
14 1 0.38 Auto 57 43 | -~ | pH, suspended solids, cyanide, chromium,
copper, chloroform extract
15 1 0.223 100 === | --- | pH, lead
16 1 0.184 Electronics | 20 80 | --- | pH, suspended solids, oil-grease, mercury
17 1 0.53 Metal - 100 | --- | Chloroform extract
2 0.123 - 100 | --- | Chloroform extract
3 0.137 i 100 | --- | Chloroform extract
4 0.828 100 --- | --- | pH, suspended solids, phosphorus,

aluminum, chloroform extract

* "Proc", "Cool" and "San" denote processing, cooling and sanitary waste, respectively.
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Table 9.1 DESCRIPTION OF EFFLUENT SOURCES (Cont'd)

Source | Pipe | Avg. daily | Type of Type of waste, %~ Constituents
number | number | flow, MGD plant Proc | Cool San
18 1 10. Chem BOD, suspended solids, ammonia, dissolved
solids
19 1 1.3 Glass i 100 | --- | Suspended solids, chloroform extract
20 1 0.527 Refrig. 86 14 | --- | pH, suspended solids, phosphorus
man.
21 1 Unknown Power i 100 -~~~ | pH, chloride
2 il 100 [ --- | BOD
3 ai 100 | --- | Suspended solids
4 ai 100 | --- | Suspended solids, BOD
22 1 10. stpt i T 100 | DO, BOD, suspended solids, phosphorus
23 1 0.114 STP - 100 BOD, suspended solids, phosphorus
24 1 0.718 STP i --- | 100 |BOD, suspended solids
25 1 43.6 STP i --- | 100 | EOD, suspended solids
26 1 1.91 STP T T 100 DO, BOD, suspended solids, phosphorus
27 1 1.54 STP i i 100 BOD, suspended solids, phosphorus

* "Proc", "Cool" and "San" denote processing, cooling and sanitary waste, respectively.

* Sewage treatment plant.
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Table 9.1 DESCRIPTION OF EFFLUENT SOURCES (Cont'd)

Type of waste, %*

Source | Pipe |Avg. daily | Type of _
number | number [flow, MGD plant Proc | Cool | san Constituents
28 1 28.0 STPt --- --- 100 DO, BOD, suspended solids, phosphorus
29 1 0.960 STP ail --- 100 | BOD, suspended solids
30 1 9.3 STP T T 100 | BOD, suspended solids

* "Proc", "Cool" and "San" denote processing, cooling

+ Sewage treatment plant.

and sanitary waste, respectively.



it was readily available). In order to obtain better estimates of
the environmental damage that is likely to occur, it is suggested that
one use the minimum average monthly flow where the minimum is taken
over the months in the monitoring period.

The distributions used for the various constituents were obtained as
follows: The mean and standard deviation were first estimated for all
constituents under the normal distribution assumption. For those con-
stituents whose standard deviation was greater than the mean, it was
inferred that the normal distribution did not give a good fit to the
data. The distribution assumption for these constituents was changed
to lognormal. This method of assigning distributions is based on the
following considerations. Under the normal assumption,there is a fin-
ite probability of having a negative discharge. Since this is almost
always impossible, this probability is interpreted as being the prob-
ability of having a zero discharge (i.e. the normal density function
is changed so that all the area to the left of zero is put at zero).
Thus, the above method of assigning distributions, though somewhat
arbitrary, is based on the fact that if, under the normal distribution
assumption, the standard deviation is greater than the mean, then there
is a large probability that the source will not produce that consti-
tuent. Since, typically, the constituent will be produced, a lognormal

distribution is judged more appropriate.

Other assumptions made were:

(1) The BOD-DO transfer coefficient, KBOD po? Was assumed to be 0.5

for all sources.*

(2) The saturation level of DO, DOSAT, was assumed to be 9 mg/l for
all sources.*

Kgop.po @nd DOSAT are defined in Section VI.1
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(3) The concentration of dissolved oxygen in an effluent was assumed
to be 0 mg/l in the sources for which there was a standard for
BOD and which did not report their DO discharge.

(4) The design parameters k and kv’ which determine the degree of
discounting of past data, were set to 3.*

(5) The constituents of a source are assumed uncorrelated.

(6) The concentration of the pollutants upstream from the source (CU)
were assumed to be at a level to cause zero damage.

Table 9.2 lists the assumed monetary resources required to sample the
sources. The amounts are a function of two quantities: the number of
outfalls of the source and the number and types of pollutants sampled.
The exact method used to determine the resources is given in Appendix D.

* kn and kv are defined in Section V.2.
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Table 9.2 RESOURCES REQUIRED TO MONITOR
THE SOURCES

Source Required Resources
1 $ 588.00
2 591.00
3 543.00
4 571.00
6 576.00
7 566.00
8 603.50
9 583.00

10 568.00
11 565.50
12 568.00
13 548.00
14 578.00
15 535.00
16 558.00
17 943.50
18 565.00
19 545.00
20 543.00
22 563.00
23 560.00
24 550.00
25 550.00
26 563.00
27 560.00
28 563.00
29 550.00
30 550.00
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